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Abstract: Problem statement: Smoking plays a significant role in the development of periodontal 
disease. Quantitative relation between  smoking and increased severity of periodontal disease, by 
means of biochemical marker has not been described in Malaysian population. The present study 
was designed to apply serum cotinine measurement as a quantitative method to evaluate smoking 
levels in Malaysian patients and to correlate these levels with the severity of periodontal disease. 
Approach: The study group consisted of 80 healthy individuals (20-64) year, Current Smokers 26, 
Non Smokers 27 and Former Smokers 27. The subjects were then asked to complete a questionnaire 
including the demographic, socioeconomic status, medical history and history of cigarette smoking. 
The periodontal variables recorded were amount of Visible Plaque score, gingival bleeding Index 
and community periodontal index. Samples of blood “10 mL” were obtained in vacutainer tubes 
containing EDTA for quantitative analysis of serum levels of cotinine. The serum samples were 
analyzed for cotinine content by means of a competitive-inhibition ELISA technique. Results: Current 
smokers  represent  the  highest  mean  cotinine  serum  level,  95.5  ng  mL
-1,  compared  to  former 
smokers,  35.5  ng  mL
-1  and  non  smokers,  22.9  ng  mL
-1.  The  mean  serum  cotinine  level  in 
periodontally healthy patient showed the highest cotinine level (84 ng mL
-1) followed by the gingivitis 
patients  (68  ng  mL
-1)  and  (50  ng  mL
-1)  for  periodontitis  patients.  Conclusion:  The  present 
observations clearly indicate an association between smoking, periodontal disease clinical parameters 
“plaque, gingival bleeding scores” and cotinine serum levels in current smokers. Cotinine serum levels 
doesn’t affected by the existence or the severity of periodontal disease. 
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INTRODUCTION 
 
  For  many  years,  cigarette  and  tobacco  use  have 
been the subject of numerous studies (Rivera-Hidalgo, 
1986; Genco, 1996). To date, tobacco use continues to 
be a primary cause of preventable death worldwide.  
  According to the Global Youth Tobacco Survey by 
US  Center  for  Disease  Control  and  Prevention,  there 
are 1.2 billion smokers worldwide and 14% of them are 
young (National Centre for Health Statistics, 1996). In 
Malaysia,  the  prevalence  of  smoking  among  young 
adults has increased from 22% in 1985 to 28% in the 
year 2000. Similarly, the prevalence of smoking among 
adolescents has increased from 1% in 1985 to 8% in 
2000. 
  Interestingly,  there  have  been  reports  on  the 
decline  of  smokers  among  the  adult  population. 
Concurrently,  an  increase  among  adolescents  who 
smoke  was  observed  (Garfinkel,  1997).  The  changes 
that took place whereby more young people adopting 
smoking  lifestyles  has  probably  resulted  from  the 
campaign by the cigarette companies that “normalize” 
the smoking habits. This change in the trend of smoking 
prevalence worldwide means that in the future people 
would suffer  from chronic illnesses at a  younger age 
and this would represent a public health problem. 
  The  relationship  between  smoking  and  Acute 
Necrotizing Ulcerative Gingivitis was first discovered 
by  Pindborg  (1949).  However,  for  other  forms  of 
periodontal  disease,  the  prevailing  thought  for  many OnLine J. Biol. Sci., 10 (2): 54-59, 2010 
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years  was  that  if  smokers  did  have  more  periodontal 
disease, it was due to differences in levels of plaque and 
calculus. 
  However,  epidemiological  studies  in  the  1980s 
and  1990s  continued  to  demonstrate  the  association 
between chronic inflammatory periodontal disease and 
smoking.  The  1st  National  Health  and  Nutritional 
Examination Survey demonstrated that the association 
remained even after co-founding factors such as age, 
gender and socio-economic status is controlled. It was 
reported that though current smokers had higher levels 
of  plaque  and  calculus,  they  still  had  greater 
periodontal destruction than former or never smokers 
(Ismail et al., 1983). 
  The 3rd national health and nutritional examination 
survey  concluded  that  approximately  50%  of 
periodontitis  cases  were  attributed  to  either  current 
(41.9%)  or  former  smokers  (10.9%).  It  was  also 
concluded that current smokers were four times more 
likely  to  have  periodontitis  as  never  smokers.  In 
addition, former smokers were 1.68 times more likely 
to suffer from periodontitis (Tomar and Asma, 2000). 
Horning et al. (1992) reported an association between 
smoking and advanced periodontitis. This is consistent 
with  the  hypothesis  that  smoking  has  a  cumulative 
effect  on  periodontal  health  i.e.,  the  more  a  patient 
smokes, the greater the degree of chronic inflammatory 
periodontal disease. 
  There are a number of theories as to why smokers 
have  more  periodontal  disease  than  non-smokers, 
involving  both  bacterial  aspect  and  host  response 
(Razali  et  al.,  2005).  Initially  it  was  thought  that 
smokers  may  have  higher  plaque  than  non  smokers, 
which may be accounted for by poorer levels of oral 
hygiene  than  higher  rates  of  supragingival  plaque 
growth  (Bergstrom  et  al.,  2000;  Bergstrom,  1989). 
Later,  numerous  studies  of  the  potential  mechanisms 
whereby  smoking  tobacco  may  predispose  to 
periodontal disease have been conducted. Smoking has 
profound  effects  on  the  immune  and  inflammatory 
system revised by Barbour et al. (1997). Smoking has 
adverse  effects  on  fibroblast  function  (Raulin  et  al., 
1988),  chemotaxis  and  phagocytosis  by  neutrophils 
(Kenney et al., 1997) and immunoglobulin production 
(Holt, 1987; Johnson et al., 1990).  
  Self-reported history on smoking is routinely used 
to  classify  smokers  and  non-smokers  as  well  as 
determine  the  prevalence  of  smoking  in 
epidemiological  studies,  however,  quantitation  of  the 
level of smoking based on self reports may be at times 
unreliable.  
  Nicotine content of cigarette varies from brand to 
brand  and  smoking  patterns  may  vary  among 
individuals,  which  may  explain  the  nicotine  level 
differences.  Nicotine,  one  of  the  most  important 
components  of  tobacco,  has  a  plasma  life  of 
approximately  30  min  (Machacek  and  Jiang,  1986) 
and it is quickly converted to its metabolite, cotinine. 
The latter has been used as a biomarker of tobacco use 
(Cuff et al., 1989; Watts et al., 1990) and its plasma 
half-life is longer than that of nicotine, ranging from 
10-30 h (Benowitz et al., 1983).  
  Cotinine  levels  may  represent  an  alternative 
measure  of  tobacco  exposure  to  complement.  Due  to 
health risks associated with tobacco exposure, analysis 
of  biomarkers  of  tobacco  research  has  increased. 
Cotinine is the preferred serum biomarker for tobacco 
exposure. Cotinine levels can be an objective, reliable 
and quantitative method analytical tool to evaluate the 
role of smoking in periodontal disease and in passive 
smoking.  
  Data  from  the  1988-1991  National  Health  and 
Nutritional  Examination  Survey  found  that  87.9%  of 
non  smokers  had  detectable  concentrations  of  serum 
cotinine (Pirkle et al., 1996).  
  Based on this literature review, it is becoming more 
evident  that  smoking  plays  a  significant  role  in  the 
development  of  periodontal  disease.  However,  a 
quantitative  relation  between  smoking  and  increased 
severity  of  periodontal  disease,  by  means  of 
biochemical  marker  has  not  been  described  in 
Malaysian  population.  It  was  thus  the  scope  of  this 
study  to  apply  serum  cotinine  measurement  as  a 
quantitative  method  to  evaluate  smoking  levels  in 
Malaysian patients and to correlate these levels with the 
severity of periodontal disease. 
 
MATERIALS AND METHODS 
 
  The subjects recruited were either patients or those 
accompanying patients to the Primary Care Unit (PCU), 
Faculty of Dentistry, University of Malaya. The study 
group  consisted  of  80  healthy  individuals,  Current 
Smokers 26, Non Smokers 27 and Former Smokers 27. 
They were all free of any systemic diseases and they 
were  not  using  any  medication.  Their  mean  age  was 
40.4±12.0 (20-64) year. All participants were carefully 
informed about the aims of the investigation and they 
were free to withdraw at any time during the course of 
the investigation. All subjects were required to sign a 
written  consent  form  prior  to  commencement  of  the 
study.  The  study  was  approved  by  the  Ethical 
Committee  of  the  University  of  Malaya  (DF 
OP0701/0003(L).  
  The  subjects  were  then  asked  to  complete  a 
questionnaire  including  the  demographic, OnLine J. Biol. Sci., 10 (2): 54-59, 2010 
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socioeconomic  status,  medical  history  and  history  of 
cigarette  smoking.  The  questionnaire  was  filled  out 
independent of the clinical examination. The smoking 
exposure to the individual  was expressed in terms of 
consumption, i.e., the numbers of cigarettes consumed 
per  day,  duration,  the  number  of  years  of  smoking. 
Assessment of smoking status performed according to 
the  criteria  established  by  the  Centre  for  the  Disease 
Control and Prevention (CDC). Current smokers were 
defined as those who had smoked over 100 cigarettes 
over  a  lifetime  and  were  smokers  at  the  time  of 
interview.  Former  smokers  were  those  who  smoked 
over  100  cigarettes  in  a  lifetime  but  not  currently 
smokers, while never smokers were those who did not 
smoke over 100 cigarettes in a lifetime.  
  All  subjects  were  examined  at  the  clinic  of  the 
department  of  Periodontology  Faculty  of  Dentistry, 
University  of  Malaya.  The  periodontal  variables 
recorded  were  amount  of  Visible  Plaque  score 
(Ainamo  and  Bay,  1975),  gingival  bleeding  Index 
(Ainamo  and Bay, 1975) and community periodontal 
index (Ainamo et al., 1982). Samples of blood “10 mL” 
were obtained in vacutainer tubes containing EDTA for 
quantitative  analysis  of  serum  levels  of  cotinine.  All 
blood samples were centrifuged serum aspirated in new 
tubes and conserved in a deep freezer under -20°C until 
subjected  to  laboratory  analysis.  The  serum  samples 
were  analyzed  for  cotinine  content  by  means  of  a 
competitive-  inhibition  ELISA  technique.  Statistical 
significance of differences between means was tested 
with the student t-test. The following significance levels 
were used p<0.05, 0.01, 0.002 and p>0.001. 
 
RESULTS 
 
  A total of eighty patients were examined. Of these, 
26  (32.5%)  were  current  smokers,  27  (33.75%)  were 
non  smokers  and  27  (33.75%)  were  former  smokers. 
Table 1 displays the groups by age and smoking.  
  The frequency distribution of current smokers and 
former smokers by cigarette consumption and smoking 
duration  appears  in  Table  2  and  3,  respectively.  A 
slightly  higher  proportion  of  former  smokers  (44%) 
used  to  smoke  less  than  10  cigarettes  per  day  than 
current smokers (42%). While a higher percentage of 
former  smokers  (44%)  used  to  smoke  more  than  15 
cigarettes  per  day  than  current  smokers  (27%).The 
mean duration was 21 years and 15 years respectively. 
  Table 4 showed that current smokers and former 
smokers  have  a  significantly  higher  mean  gingival 
bleeding  index  compared  to  non  smokers.  There  is 
however,  no  significant  difference  in  mean  plaque 
index  between  smokers,  former  smokers  and  non 
smokers. Figure 1 demonstrates cigarette consumption 
per day for both former smokers and current smokers; it 
was 20.7 and 15.6 respectively. 
  Figure 2 displays the mean cotinine serum level in 
the  three  groups.  Current  smokers  represent  the 
highest  mean,  95.5  ng  mL
-1,  compared  to  former 
smokers, 35.5 ng mL
-1 and non smokers, 22.9 ng mL
-1. 
In this study, Community Periodontal Index (CPI) was 
used as a measurement of assessing periodontal status, 
the  sample  was  divided  into  three  groups  healthy, 
patients  with  gingivitis  and  patients  who  had 
periodontitis. Table 5 shows the mean serum cotinine 
level  in  these  groups,  periodontally  healthy  patient 
showed  the  highest  cotinine  level  (84  ng  mL
-1) 
followed by the gingivitis patients (68 and 50 ng mL
-1) 
for periodontitis patients. 
 
Table 1:  Breakdown of the sample by group according to age and 
smoking status  
  Age 
  ------------------------------------------------------- 
  n*  mean  SD   Range 
Current smokers  26  36.0  11.1  20-54 
Former smokers  27  45.1  10.6  22-55 
Non smokers  27  40.3  12.8  20-64 
n*: Number of subject 
 
Table 2:  Frequency  distribution  of  smokers  according  to  cigarette 
consumption/day 
   Consumption/day 
  ------------------------------------------------------------ 
  £10    11-15   >15   Total 
  -----------  ----------  ----------  -------------- 
  n  (%)  n  (%)  n  (%)  n  (%) 
Current smokers  11  (42)   8  (31)   7  (27)   26  (100) 
Former smokers  12  (44)   3  (11)   12  (44)   27  (100) 
 
Table 3: Frequency distribution of smokers according to smoking duration 
  Smoking duration (years) 
  -------------------------------------------------------------------------------------------------------------------------------------------------- 
  £10    11-15    16-20    >20    Total 
  ----------------  ----------------  ----------------  ----------------  ------------------  Mean 
  n  (%)  n  (%)  n  (%)  n  (%)  n  (%)  duration 
Current smokers  12  (46)  3  (12)  6  (23)  5  (19)  26  (100)  15 
Former smokers  6  (22)  3  (11)  6  (22)  12  (44)  27  (100)  21 OnLine J. Biol. Sci., 10 (2): 54-59, 2010 
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Table 4: Plaque and gingival bleeding score for current, former and non-smokers 
  Current smokers  Former smokers   Non-smokers  
  -----------------------  ------------------------  ---------------------- 
  Mean  (SD)   Mean  (SD)  Mean  (SD)  P 
Plaque  52  (11.6)  49  (21.5)  50  (19.8)  1.0  1.0  1.0 
Gingival bleeding  27  (13.9)  44  (22.3)  25  (19.0)  0.002
*  1.0  0.001
* 
All values are expressed as mean and standard deviation; means with 
*: superscript are significantly different 
 
Table 5: Mean Serum cotinine level according to periodontal status 
   Serum cotinine level 
  -------------------------------------------------------- 
  Mean  (SD)  P 
Healthy    84  (51.6)   - 
Gingivitis   68  (52.3)  0.256 
Periodontitis   50  (55.8)  0.058 
All values are expressed as mean and standard deviation; means with 
*: superscript are significantly different compared to healthy group 
 
 
 
Fig. 1:  Mean    reported  number  of  cigarettes  smoked 
per day 
 
 
 
Fig. 2:  Mean cotinine serum level in current smokers 
former smokers and non smokers 
 
DISCUSSION 
 
  The  present  study  was  undertaken  in  order  to 
evaluate the relationship between tobacco smoking and 
periodontal  health  by  evaluating  the  serum  level  of 
cotinine in smokers, former smoker and non smokers. 
The  strong  association  found  between  smoking  and 
advanced  periodontal  diseased  is  consistent  with  the 
hypothesis  that  smoking  has  cumulative  detrimental 
effects on periodontal health (Horning et al., 1992)
 thus 
there is good evidence that the more a patient smokes 
the  greater  the  degree  of  periodontal  disease.  In  this 
study results has shown that current smokers represent a 
mean  duration  of  15  years  while  former  smokers 
represent  21  years.  The  majority  of  smokers  group 
reported consumption of ≤10 cigarettes per day, while 
former smokers reported consumption of ≤10 and ≥15 
cigarettes  per  day.  It  is  difficult  to  determine  the 
strength of smoking as a risk factor, since a problem 
lies in accurate measurement of a subject’s exposure to 
tobacco  products  over  many  years  and  to  date  most 
studies  on  the  relationship  between  smoking  and 
periodontal diseases have determined smoking status by 
interview or questionnaire.  
  Cotinine is the principle metabolite of nicotine and 
as  such  provides  a  valuable  quantitative  measure  of 
smoking  status.  Serum  cotinine  levels  have  recently 
been shown to correlate directly with the outcome of 
progressive  periodontal  breakdown  (Machtei  et  al., 
1997). In this study plaque index was at high level in 
the  smoking  group  compared  to  non  smokers  and 
former smokers, however, statistical analysis revealed 
non  significant  differences.  Gingival  bleeding  index 
was higher in smokers than non smokers it was more 
extensive  in  former  smoker  than  non  smokers  and 
smokers. This was probably related in part to the less 
appropriate  home  care  of  the  smokers.  Statistical 
analysis  showed  highly  significant  differences.  These 
findings  were  in  agreement  with  those  presented  by 
Bergstrom  (1989)
  and  other  researchers  (Preber  and 
Kant, 1973; Preber et al., 1980). The increased bleeding 
response to probing reported in former smokers may be 
related  to  a  combination  of  factors  including  the 
duration of smoking habits and the amount of cigarettes 
consumed per day.  
  A better and probably the best measure of current 
tobacco  exposure  available  in  most  studies  is  self-
reported  number  of  cigarettes  smoked  per  day. 
Unfortunately, the utility of the finer measure will be 
limited  to  the  abilities  of  the  participants  to  gauge 
their  true  intake  accurately  (Gonzalez  et  al.,  1996; 
Klesges et al., 1995). OnLine J. Biol. Sci., 10 (2): 54-59, 2010 
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  To  get  a  clear  idea  of  the  effects  of  typical 
inaccuracies  of  self-reported  smoking  data  on 
estimates of association of the clinical parameters of 
periodontal  diseases  and  the  smoking  status,  we 
examined  the  relationship  between  measures  of 
clinical parameters of periodontal diseases and serum 
levels  of  cotinine.  Being  the  major  metabolite  of 
nicotine, cotinine is an objective measure of current 
tobacco  exposure  (Hill  et  al.,  1983).  Serum  is  the 
specimen of choice for cotinine measurement since it is 
subjected neither to bacterial degradation nor to sample 
concentration. 
  Results  of  the  current  study  indicate  that  serum 
cotinine level in smokers is much higher than that in 
non  smoker  and  former  smokers.  Serum  cotinine 
levels are clearly a consequence of tobacco exposure. 
These findings are in agreement with previous studies 
which  concluded  that  cotinine  can  be  reliably 
measured  in  blood,  saliva  and  urine  and  all  three 
sources  are  generally  regarded  as  acceptable  for 
monitoring  nicotine  exposure  in  people  (Benowitz, 
1983; Jarvis et al., 1988). 
  Several  reports  have  found  a  greater  association 
between  periodontitis  and  systemic  disease  among 
smokers as compared to never-smokers (Hujoel et al., 
2001; Hyman et al., 2002). Because periodontal disease 
is itself heavily influenced by cigarette usage (Tomar 
and  Asma,  2000)
  and  because  of  the  imprecision  of 
smoking data gleaned from self-report, it is difficult to 
remove fully the confounding effects of true tobacco 
exposure.  We  divided  our  smokers  group  into  three 
groups according to the CIP index group healthy, with 
gingivitis  and  with  periodontitis.  Cotinine  levels 
appear  high  in  periodontally  healthy  patients  than 
patients  with  gingivitis  and  periodontitis;  statistical 
analysis  revealed  non-significant  difference  between 
this groups. Cotinine, the major metabolite of nicotine, 
is  an  objective  measure  of  current  tobacco  exposure 
(Hill et al., 1983). Serum cotinine levels are clearly a 
consequence  of  tobacco  exposure,  the  present  results 
suggest that cotinine serum levels doesn’t affected by 
the existence or the severity of periodontal disease. 
 
CONCLUSION 
 
  In  conclusion,  the  present  observations  clearly 
indicate  an  association  between  smoking,  periodontal 
disease clinical parameters  “plaque, gingival bleeding 
scores” and cotinine serum levels in current smokers. 
Cotinine serum levels doesn’t affected by the existence 
or the severity of periodontal disease. 
  Due to the limited number of smokers the present 
results  may  underestimate  the  impact  of  smoking  on 
periodontal health. Studies of larger groups are required 
to  clarify  the  role  of  smoking  in  early  stages  of 
periodontal  disease  and  the  level  of  both  serum  and 
crevicular cotinine. 
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